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#71 ^ BWS HI^E^OH CHgsfe FRAM gxlOil 2101 Al. 4^1 B*l #31 HIMEheiOfl S3S EEfl 
2! gejlM- £M $IEEf°!Ofl SIS 71I0IM S^g M2iX|^E1£K #31 MgH*|^E12J ±9.± S 

^££101, #31 EW «2| fiaolM oigy & o,^o, S^IU- S^EIDl #31 

e^i a a eisy b$i ^^j meiioi^ srs g^sj gaioi^ Eh°iHg ^isq. s «>goj 

FRAM S^SSII ?1IHAIE12J t\¥ 1E0OIM 23^01 HHtt g^tlDi 2JU 0!M MaiOl^ Eh2J 
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E 5^ S 42| V-VQil COE FRAM Sx|°l B9E0IQ. 
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EgOIQ. 
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RAM(ferroelectric RAM; FRAM) S*| S 3 HI 2 ^SOil Stt 201 D. 




Phenomenon)! 
g# 7WIH SO. 

Eth DRAMCHI AhSEI^ 7iIii!A|Ei9 S33>££ 2M?3x|]31 Afgtra, El^ai^l g^OI S^&IXI ST 
£°g DRAM^J 3^ ^2 S! s*Eg t*#A|g * 2iQ. OlEitf SSaSI QilSBI RAM3 1T0I 

3§! 32/(single power supply voltage)^ &7I 3! ^71 ^tSU" 4 SEES, 

239 RAM(ferrcelectric RAM; FRAM) MEISLh 

FRAM 9*1 9(unit eel 1)2] :?g SrfcOil [QE\ = SSS 4> SiCK □ o"fU£ 9*1 

^oi ssa»3e ^1 oi e §g°|o S a^b^~ mu9 ea^^Eis ^ga 210m, as thus 9*1 

SOI Sm2| 3A1I± EHX|±E| S Sfta»S[» SSSf£5 A>sm= amsi a ^HHAIEIS 2 
QIQ. 017IAJ, a »2J( the former) FRAM xH^ 332! 7153 71I0IM §339 SS3SI3 

Amis TiiscHi fe'Eis 7i pa &± $m?\- sjsokm g§a sastfasroi *fgg7i £is s»is3, 4' 

El 5 ?\E §! SSaJfflSt AH3I9 3Af#^(iattice constant) *F0| E^ HSiTTil^ ^OiOil SUohCfl 
£> BJl'9 ^°3xlI3(high-qua!ity ferroelectric f i lm)# ^go*7l Di£1£ = HI SOI CU-EI-AI, 5l 
BCHI ^»9 FRAM §«, ^ DRAM a ^£21- Esti" 751 7W9AI 3 5HIIHA|Ei9 °2 D n^5 
3fi Atgm= FRAM 5*1011 CHt!" 3^?7F S^173I2 SiD. 

E 1£ SEH 7|g0il 2|tJ- FRAM §»9 9*1 *!0il CHtJ" fISEOIQ. 

■?x||2»£S, FRAM S*I9 9*1 ^Oil SIOJA1 M£HAI^E19 71I0IM 33(G)£ *-IE Eh°](W/L)0il ggEI 
H, E319 S3(D)£ fcj|E Eh°](B/L)(HI S3(S)£ &S3SI ^ilK AIE1(C)S4 « 33011 

gggo. &S3SII 5H8A|E1(C)9 LfB 33= 1301^ Eh£] (P/L)M 

E 2= g2H 7IS0II 9fcJ FRAM §«9 9*1 £!0il CHtt 93EQia. 

:?X|*!ES, E 20)1 LhEKS HBh SOL gEH9 FRAM §S9 9*1 3£ Pfi ^Exii 715(1)9 ±§ S3 
Oil SgEIOt **g S3 S bl^g 2^1 tlSSfe I'E £^3(3)3, #71 mg ±§ S3 

Oil Til 01 M tf»SK5)O0 OI^EIOl ^g^! Til 01 M 2^(7)^ #71 Til 01 M 3^(7) Sf 29 S 
3 5 2 Oil NS9 g^es E^Sa 33(9) S! EcilS! S3(11)2K 33(14)9 ± 

§ S3 S EEilSJ 33(11)9 ±% S3# h:^AI7l5 #71 TiiOlM 3^(7) S #71 §£ 

ira^(3)S ^ill §33(13)3-, #71 ±2± S3(9)lh HE #1*3(6) #0il 

S11 mZ* ^33(13)9 rirg S3 #0il ^g£! ^5(Pt)^S Ol^OiS MEilOlM 34(15)2}, #71 
5^ M&ilOlM 3^(15) #(HI ^g£! PZT(Pb2rJI.-A)S 01^0)3 &S3x-03-(17)2K #71 
^3X113(17)9 S3m in^AI^IEAi Xfll S^33(13) #0fl ^gS ?dI2 Sas|(19)SK 
#71 X01 ^93(13) S XH2 #^ ^S3(19)0il 9oH ir^S 33(9)3 #71 X{|2 #^§9 

3(19)011 9tB bi^E! &S3x03(17)S AIS 2^AI7I^ HHil^S Ol^OiS #^ M^IOIM 

3^(21)2K #71 in*B ESH S3(11)M HIM E>a(23)» ^Ult». CW7IAI, #71 7311 S 302 
133(13, 19)^5 BPS630I ^El AFSSD. #71 Til 01 M 3^(7), Eai°! 33(11), S 

S3(19)S 3A0^ M2HA|^E1M ^gohH, #71 §^ MEiiOl^ 3^(15), ^3xil3(17), a 
#^ M&iiOlM 3^(21 )s ?iIBAIE1(C)M ?g*HIK t^S, #71 3^(15)^ £ 1°J MEilOlM 

Ef°] (P/L) 3im am, #71 TilOl^ 33(7)^ El 9 SJE E^(W/L) 3SS 

Hh2F §EH9 FRAM E^l S S §FU9 MEilOl^ E^(P/L)S ^?UI§H3 £i7l UflSOil 

CEfEhAi, g ^ h 39 7ls^ #stJ- egg SUSS ^ FRAM g«S HISSf£Q0 SiCK 

Ett, g ^39 LIE 7ls3 #71 FRAM SxIM Xiliu^OI ^t^t> Xili^M X-BSu^Ql Si 

#71 7IS^ 2WIM 01^71 ?|oKM B ^39 FRAM #x|^ tS S ^ gft^SS HH s^! ^9 E^l 
£ ?gEI3 #71 tS St^S ?-IEE^0il CHitm #71 1 dIMEI-eJM CH^t>Q. #71 E^l 

#71 HlSaeiOil SIB EEilS 333 #71 ^EE^Oil SIS TilOlM 33g SgHXI^EIfiK 
#71 eeh73±E19 S30il S1BLIH #¥ MEilOlM 3^, S M&OOIM 3^£S 

^^1, #71 9*1 S9 MEilOie 2 = ° BSIii9 MEilOlM 333 5S£I01, #71 E^ 

*l ^ S 2!2^ E^l ^9 of¥ IBilOlM 3^£ ggJt/9 131 01 ^ Ef2!£S SloFTIU #71 m 

aioiM 33 mum eaioiM e^es oiet/ch 

E?>, B ^39 FRAM gfl^ *HJ2J E?HXI^E1£h oFU9 2>^3xfl TIHUAIEIS ^?g£! 9*1 ^3 #71 
E^l ^3 7g0| g^'^HI °'2t^ ^129 B*l ^01 g S tBSt^ES ^^PH HHSSQ. #71 9*1 m£ 



.11 #&§S3 #0il ^gE|I2 B*IS3 E'St^ XII 29 B*l ^0| g^uh~ &S3xll ?iiillAIEi9 tt± 
aiOlM 333, #71 laiOIS 2 3 #0« #7! 5^ MaiOlM 339 ^SQ STTil **g£! i>^3xil 
3 HBS3, #7| SS3SI3 HH@ #0{| SgS &SSX1I 9]M AIE19 #^ laiOlM 3^# StMHIh 3 
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em, £9i £^ laioie sssaaf i@ a gaioiM a^g s= ass2K £9i 

gg2|- 4« ISIIOIM a^S Slol= HHagg 54lt*D. £91 Sl^ gaiOIJ= a^S gaiOIS Ef°!2f 
S1EI9IU 8M? fi90l£ 211= jjag gOIOIH Eh2! oCT ttO. 

£7i cm srg*i?i e srssi fram gxisi asses &s.n ?\& £<w hois 

S=. ±2^ a EMS 2^£g E?HAI±E1g £71 ilSS BJ" 

£19 7I&2I SSOO HI1 gSgg astrfe EWIg EtJti-LF. 3E|2 £71 All s^lSg ^0)1 SJ 
S*J 3*| S2h §Stt= e82JI 91 II A| El 2| *W 1EIOIE *j=g $ s ^ ggiOlM a 

= £0)1 £91 5f¥ SEIOIS a^2| ^SQ Sfg SSa*llg EH@ a gaiOlM S^S «3tltt.tt 

9i £*? saioiM a*, ssaasf me a ti^ taiam s^s s= isssg £9i sss 

#01 S£S g2|g 01 HI 2 SZJSSgg £91 M2 iZflSSf, Xil 1 sZJgSg a 

#g 4Zi*K)i Eais gg, gg, £¥ laioiM a^ a «w laioim a^e assfe mi 
s^jsm s«t>a. £9i m\ sm^m s**gg ^ssia £9i Eais gg2h sis himeis2i- £9i 

£* laiOIS a^s2h i2i gggg S§€hS HHas2f, £91 5^ gaiOlM a ^21 SIS 
IHEg SStJQ. £91 EflEg ££Sfe M2 E^Bm »fc HI 3 g^S^i 3££*Q. £91 DI2 
5H!*W 3**gg *«*K)I £91 IBE2f 31E|= gaiOlM £13 # ««£fQ. 

a ejg2J FRAM £xl£ SSSM 9iIBAIE12| SI* gaiOlM a^OI SStl S!2h SSEia S!H 013 g 

aioiM skiss sisj9jLK £9i £9i gaioiM a^ rag taioiM a°i£5 ags^i msoi 

2=1 SHU SEI»IO 

OI»K S STS2I UHf3jtf flAJDIB ESS SS«KH £ABS| SSSJD. 

E 3S S °lt^ FRAM &X|°| SISEOO. 

E 3g g2Jffi!, S ^321 FRAM SXI£ SAIS bh2f £TO| ohLF°l SSSa 9inBAIE12F oh 

LJ2J g?H73^E1S ^^7H2| ^M(31a, 31b)0| S D J g SgElO) 7SSQ. ?a 

391 SiCHAI £91 ^nHAIEiej £¥ laiOIS 2=s eajxi^EISq i£iOH si 

El Dl. £91 M!HXI^E1£J 7II0IM a^S $|EEfS(»/L1. W/L2, (H/L3, W/L4)0fl SlEia, £91 SiHAIi 
El 2| HEIIS 32? = U|MEIS(B/L1, B/L2)Qfl S1SQ. 

Sol, S ITS 2| FRAM SK-|2| ^(31a)2h S St!" 9*1 ^(31b)2| if? MaiOlM a^OI 

El a 213 laiOlM EIS(P/L)^S SgEia 2iQ. E 30J °iaAI, £91 s^s siv saioiM a^oi 

maioiM Ehs^s siEia sisu, £9i sss maioiM a^oi mmm eis ^wg si?i w 

^E S1Q. OlS-W a BTSSI FRAM £x|= SEH2| if°2a FRAM SxIWI H|5fa HS^tH OI^^OI S 
EISKH-. 

E 4^ S gfSSJ g Ofl OH 2Jtf FRAM £x|2J EJOIOfgEOIQ. 

S. AM ©2ohS, B ST32I FRAM £XIS B?ES0 915011 Him«S^s efg^SAH «SE|^ 
Sggs?(41)3F, £91 m& g^(41)S 9ISXIMSAI AdS S*«SCT HHXIS ^2| g|E EfS (W/L) 3F, 
£91 t.f ^2| EIS(ID/L)00 £|*B g^S 37H2| g^g & ®2} $|E EIS(W/L) AhO|2| g 
2? 0fl ggs E3IS g^Hf, £91 EEflE! gg2| OlStt S« g^OJ «SS ttS"2J i2i gg2f, £ 
91 EBOS g^2f S1EI2 £91 ?JE EIS(W/L)2I Sji3B^ gtf°g HHXIS UIM EIS(B/L)S 3tJ^ 
D. 01 91 A), £91 51 E EIS(W/L)S »IO|M Sha, £91 EBIS g^ S 4=i ggg M^s 

S E^SSD. 3EIJ2, f4E EIS(W/L), *^2| i2i g^, S £71 E3IS g^S S = S ^ 

?H2| SgHAIiEIM =?gma\. £91 ^ ?H2J eehxI^EI^ £91 EHIS gg* SSfc.^. 

Tll^HAI, S ifg2| FRAM §xl= i£i gg2h HI#S gg £00 «SS Sh¥ MaiOlM 

a^(43a)]U, £91 5l¥ SaiOlM 3^ (43a) £0)1 SSS ^aai^(EA| SS)2f, £91 SSaHSf £ 
Oil SSEIJ2 £71 i2i gg2|- HHas(44)SS SgEI^ £^ SaiOlg a^(45)^£ ?£S &SaS0 

TiiiiiAiEiM stma. 

mm. e 3oo EAitf & &g2i ssaai dohei §xi= leass sai^ uief &oi s^aa tiioai 

E1EI MgHXIiEIS *HJ2J EM g(47a)2h S2tl B*l ^(47b)2| MaiOlM 3^(44)01 S 

saa si 2, £9i si¥ saiois a^(44)s gaioiM eis(p/l)es ssEia aa. ois^ s ^g°i 

FRAM £XIS §EH2| 2K?2SI FRAM SxlOO UlSha HS^^S 01^=01 SEItO. 
E 5^ E 42| V-VOB UiE FRAM Sx|2| E f SE0|Q. 

E 5M if^SIS, g B-goj FRAM gxl^ &Efll 9IS(51)O0 SAh SEI^(53)S ^«tJ-2SAN *t§ 
S gg £00 'ggS »I0IM a ^ (55)21- , £91 »|0|M a^2f SSfc^ &Effl 7ISO0 NS2| g^M 
m E^SAI9|A| SSS i£i gg(57a) S E3IS gg(57b)g E*^EK B7IAI; £91 9110IM 
a^(55)S ?JE EIS g^S Sia, £91 i£i gg(57a), EBIS gg(57b) S 91IOIM 3^(55)ES 

TJl^SHAI, & ^gOO IQE FRAM 5x1^ M?SX|^E1 S £91 ±AI ME|S[(53) £00 £91 EOIS 
gg(57b)2| gg a £91 i£i gg(57a)2| ggOl irMElE^ SSS 1111 

©^1321(59)21-, £91 i£i gg(57a)2f °J2*> «|1 S^g 3^(59)21 i§ gg £0)1 $011 «SEI 
^ saiOlM a ^21 *f£S SSS HHEia^ IHe(61a)2h £91 UHEiag INS(6la) 

£00 SSS 5l¥ laiOlM a^(63a)2h £91 Sl^ gaiOlM a^(63a) £0fl £91 UHEiag" log (61a) 
S «^ ISIOIE a^(63a)2| ^fiQ SfTO ^SS SSZSasj IDS (65a) 5! £¥ MaiOlM a^(67a)g 
Eti*tCK 

a9|AI, £91 ol^ 13I0IM a^(63a), 2fSa*0g IBS (65a), a £^ laiOlM a^(67a)3 &°£t» 
TiflBAIEIg 9iStlCK £91 £i? gaiOlM a^(67a) a gaiOlM a^(63a)g S^g- E3S i+ 
tig E£ g^g-Ea« at|g-S*ifg2| DS£g ^> SiQ. £91 S^gS BiS(Pt)S ^SSh 
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Ql, #71 E3S #tl2|g ReOb( rhenium oxide), Ru&( ruthenium oxide) E£ Mo0j( molybdenum oxide)sL 

TU^SrOI, B [Off FRAM §£|£ #71 UHEICHSf IBS (61a), 1M0IM 2^(63a), asaM^ 

EH@(65a) a #¥ iaiO|E a^(67a)g g£9AI #71 #¥ SSIOIE 2^ (67a) a ol^ EaOjg a 
4r63a)2J ±§S«1 k§5r= 131)4(69)2^ #71 1313(69) S! SOI #^SS5|(59) #tH #71 ±£ 
^23 (57a), EMS S3 (57b), ol¥ gElOlE 23(63a) a #* gaiOlE 23(67a)2| ±gg3g 
kglfe SI2 #^193(71)11, #71 t|H i2i S3(57a) a #^ gaiOlM 23(67a)(HI S«£IDi 
«3(57a)21#7l 4^ 13I0IM 2^(6?a)g E^ol= HH 2 §(73)21, #71 or¥ g 

HO I 33(63a)M *«H IHE(?5)2r, #71 i§S Eai°! 33(57b)(M 2^or= UIEE12K77) 
2h #71 HH2#(73), H|ME1°!(7?) a 2^ HUE (75) #0)1 «2EIU #71 HE (75)1 igofe 
XB3 f2/§23Sf(79)3& < #71 tgg i^ SHE(75)(HI S3EI0I #71 ol¥ 1&II0IM 2^(63a)21 
^ 1E1IOIM Er2J(81)g StJtHIK 

tOErAI, B 1TS2J FRAM #x| = E MM £3£t titSt iTOI 7UHAIE12J or¥ fiEtOlM 

3^(63a)0l 2!2tt g!2l SSEICH SICK OlOil [QEK B IT32I FRAM#X|= S^iKHI SEISO. 

£6§g irgsj am won 21 ti- fram §xi2i moioiseoiq. e m sjchai, e 4ah gut!- sf^a 

2= ¥H9 LlEltfEl. 

E 6g E 6£ or*?* gaiOlM 2^(43b)2| aiOIOlSOl QE 2!g HI 21 o HZ = E 421 ggol 

El. 5x^o S< £ 4 ^ goEi sf¥ IfllOlE 23(43001 taiOlM Er°!(P/L)££ SlEIOi 2i= Ql 
&t\0\. E 6S |og Sl^ gaiOlM 23(43b)0l 1M0IM El°j(P/L)°£ 91EJCH 2J*| SW Alx-fl*! 

siaoi sioi gaoiM ei°j 3ug to. 

E^E 6Sj VII-VIKHl Kg FRAM §x|2i BEEOIQ. E 70)1 SlOiAi, E 52 r SH 

E 7g #25r9. E ol^ gaiOlM 23 HE a 1BIIOIM E12JOI »I2|SH2^ E 

52^ igjfD. ^Ji|S?££, E IgEl Sf« gaiOIS 2 = (63a)0l SBE(75)g g5W S3I0IM 
E^(81)2f S1EIO) ?i£ Dl OH&rOl, E 73 MaiOlM 2^(63b)0l 3^ SUES S&KH 

MM DIM Er£J2h S1S.IO) SiXI ^2 Xra|Sj£M S1EJCH 2iO| M&ilOlM Er£J 2?^m t^Q. 

32f^2S, E 6 S E 7(W EAItt S ^S£J FRAM gfSSSII ?)IBAIE12) tf^ S3I0IM 2^01 

oig^ gSEICH 2i2, ot¥ ISilOlM 2^ XhHI^^ lOIOlM E r °! 5fE£ 2 £J ShCHI Q 

^ sEi&ha. 

E 8 LHAI E 13^ E 501 EAlit g ^S0)1 SJtl FRAM §X|2J HI^SSS ^SSPI £|SK3 EAI1J- 3S 
EgOID. 

E 8g &Ztm, 1#°J CMOS SSS OlgSJO), iAh ME|5|(53)CHI 2JSB S^2F UI&S 

01 t>§=! ^Eifl ?|»(51)#M ?4EEf2J TflOlM 2=(55)g ««SrH, N§2| i2i 

S«(57a) ffi EEM2! g^(57b)S -SStH^. 

OIDIA), #71 12ig 2Stm CVD(Chemical Vapor Deposit ion) 0)1 2JoB BPS6 §21 0I^O)A"l= ^Sf^S 

inzm am^om m set gsev(59)g 3 *, #71 m\ m?t §shk59)#(hi hheioi 

^(61), ?iIBAIE12| 5l¥ gaiOlM £i=g SSS^I ?ltt All E2g(63). SSSX-BSf(65) a 

sssai TiiBAiEisj #^ gaioiM s^g sss^i m Eas(6?)g ^^s<°s ^s^q. 
#71 nHEirj)5|(6i)3 a«a= #71 geooiM 2^21 «n «y §9512121 s*t^g stiAi?i 

71 *g5l£ 2°£A1, S^Ofl [uEl yef ^l35lQ. 2 ^AIWICHIAI, #71 HHE101°f^ TiDb^og « 

c£*h a^i mi ££1#(63) g J||2 £a#(67)S S^5|, E£1£ a^s> S^-E25 #5l2f-S^ 
2J ClS^S «g*K>. S 4'AltWCHIAI #71 p t g OlgSlH, #7 1 E3« #Sl=,^ 

Rea(rhenium oxide), RuH(ruthenium oxide) E= MoQ,( molybdenum oxide)g OlgfJ-Q. #7| HM 
E2#(63) S M2 ESs(67)g S^-ESS #S1°|-=^2| E1#«S 2?, ^XlEIAI t*± mm 

n ms ^i^iass g*?, ^ pt°i is^g etnir ^ sid. oi^tii eis, ssaaieioi ^sai 

^g ^A|7|AI ^01 2£ISSi= FRAM gx|g «2W ^ Si El. 

E£h B 4'AIWICHIAI, #71 2,^2x11^(65)^ g-!(Sol-Gel)g, ^ItlEIUS ES CVDSM 2|SB §*fS 
PZT(PbZrJi.-,a)2| E= PLZT(LaS EDS PZT)2|o S ^ o, Q 

E 91 #71 12 E2#(67) S! 2fS2*H^(65)g HI) El ys 101 #^ MEflOlM 2^(67a) S! S 

SSast nBS(65a)g «#£0. OICHAI, #71 Sil E2S(63)1 #71 #^ laiOIS 2 = (67a) S 
SSIiet EBe (65a) aEl =g HXI IBEiySlOl 5l^ laiOlM 2^(63a)g SS^El. OICHAI, #71 UHEI 
0)°}(61)g IHEiyolSl #71 gai 01 M 2^(63a)2| S1¥0B UHEIfflSj IB@(61a)g *!«*0. 

E lOg £12513, #71 S21g aSOB Ti 0,^21 ITS #51^1 ^Stl $ HBEiy oKH #71 #^ 1E0OI 
e 2^ (67a), SaaSj- 5BS(65a), ol^ IMOIM 2^ (63a) a UHEICHSf IB@(61a)g SAifS 
Si)2t(69)g SS^Ei. Tfl^olOl, #71 aSS|(69)OI S«3 121g 2 9 (HI CVOtHI 21 SH BPS6 I2£ 01 

^d)t;i^ asisig g^m eiis^sioi m szm^nm sst.o. 

E 111 #2ol3, #71 SI2 =^§3°|(71), M) §^§ge|(59) a aset(69)g ^l^olOl #71 i2 
^ g^(57a), Eai2! 33 (57b), g% gEllOlM 2^ (67a) a ol^ gaiOIS 2^(63a)g bilol^ 
XIII =^^(72)1 SStCr. 
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E 121 &2tra, 471 35111 ^1(72)01 *4S 121s 29011 2^1 SS*]- S DBEiySKH 471 
EM2J S^(5?b)CHI S^ofe dlME)°!(77), 471 £2:6 §2? (57a) a 4^ 13101^ 2^(67a)0)l S«s? 
El 12 4 k 7l ±2± g«(5?a)2)4¥ laiOlM S = (67a)g 2161= HH2K73), 471 Sh^ laiOlM 2 
^(63a)(HI g^Sfe IE (75)1 *«WO. 

E 131 §,^5)3, 471 HIME)°i(77), Hf)2#(73) a ^ IflE(75)7h 12)1 471 2^ 

BHE(75)1 i§5lS XII 2 =2)1(78)1 S>£ X1I3 =219^(79)1 *j4tlQ. 471 XII 3 SBSBSfS 
CVDCHI ^loH BPS3 gSS 0|?O)A|£ 2£1^1 S*TCH2 EISS^SHDJ SSSO H4ftK)l, E 50fl EA| 
*e HF£h ¥01 471 SBE(75)0il 2^5)= 1EII0IM E)£!(81)l «gth2S*l FRAM SSI SStJ" 
O. 

H lAI01IOilA) = 471 IDE (75)0)1 B90IS E)°J(81)1 «48)0| S4Sta£Lh 471 1(75) 
El §gSW SM2 HIS laiOlM 471 5)¥ laiOlM 2^(63a)2l^ ^ E SiO. 

E 14= E 70)1 EAIB S 1/2 Oil 2|tt FRAM ' gS|S| HI2&B1 «3«PI *|*KM EAItT BSEOID. E 
140)1 A1, E 8 LHXI E 132h SHtt §532= 6flft ^XHl UEHfiO. 

375), E 8 LHXI E 102) BTDg ^*"*C). DSN, E 1408 S.MZ1 UHf ¥01 491 XI 2 
S^12°|(71), XIII 1^12^(59) a 3Sf^(69)l 4^)01 471 i£i S^(5?a). £21 2! 
ge?(57b), 4^ laiOlM 2^(67a)l ir!SI= XIII S E -i!l(92)l «S^D. 

yi^tm. E 7011 EAIB ti\2\ ¥0| 471 XII = E!J§(92)OI S4=! 12)1 330)1 3^5|g «4*K w 
E»EiyS)01 471 Eai3 g2)(57b)0|| g«*8fe HIMEI°i(77), 471 i£i ge?(5?a) a 4¥ 1M0IM 
2^(67a)0fl g^EIH 471 g^(57a)2) 4¥ 12I0IM 2^(67a)l SISfe W)21(73)l §4 

FRAM Sxll B4£NIh 0171 Al. 471 fiEOOIS 2^ (63b) A1SU7) 13101 £ E)°J 2)1/1 

BO. 

014. B Igl ^xH3°J 1AI0S1 10) 4WP1I B I/g = 471 lAIOflOfl BSEJXI Sf 

2, a efg£j A>42| B9I LHCHIAI g MOKHIAI S42J AI41 712 AKHI 21SKM OlEi 7)AI 

01 7t£*IO. 

St 3 Si SJf 

tl)5|- ¥0| B ^22J FRAM HZ&Ol 7) IK Al El 2) S)« lEflOlM 3^01 3 2*1 12h 

ElOi 2i2 Oil laiOlM EI32S 3l5)7IU, 471 471 §)V 13101^ 2= A)illl IfllOlM E13E 
3 0|g5^7l HUSO)) S3SHM SEIShO. 

S^»tr 1. Ill S«fES HH1S ^^21 B« IIS ?4EIJ2 471 tS «WS ?JEEf30)l Dig 
S12 471 1 gtfS U|E£)3CHI CHS*h= FRAM §X|(H) £!0)A|, 

471 &*l 1= 471 UIMEISOII SIS EBII3 S^2|- 4 V 7I ?J EE) 3 Oil 31S 7II0IM 2^1 
M?HAI^E12K 471 M2!A|^E12) i£i S^Ofl 31EIH 4¥ 1&I0IM 2^, SSSSBSt a S)^ 1 

aioiE 2^«s sssa tubaieis ?«aa. 

471 e?i si*? laioiE 2^^ e?ii£) ti^ imoim 2^21 sseidi 471 b*i 1 a 
oig*h gey §^ laoiM 2^= istfsj mmom e\°}2.s. siei= 21 
fram §a . 

g^tJ 2. *JS1 HH15! ^4^21 &9\ IIS 7SEIU 471 *S &tfS $IEE)°I01I CHg 

6)11 471 1 HIMEISIOII CHS§h= FRAM SxICHI SICHAI. 

471 B*l 18 471 HIME)Oi(HI EEI2J S^21 471 SI E El °] Oil 711 01 M 2^1 

E2HX|^E12>. 471 eehxI^EIS) i£i §2)011 S1EIJ2 4^ laiOlM 2^, SSSMSf a 1 
aiOlM 2^ES ^S2SII 5HIBAIE1S ^SEIffl. 

471 B9I a 2) ol^ laiOlM 2^= £!S5B B9I12I o)^ 13I0IM 2^2) 471 B9I 1 a 

oigB B*l 12| S)^ laiOIS 2 = = MEflOlM E)3 gll 5)= 211 ia«£ 8£ FRAM g*|. 

g^t> 3. t)L)£| ejhxi^eIS) S1U2J SS25EII TIEBAIEiS ?4£! B*) ^ 471 B^l 12^ ^4 
01 S1SH2 32B XII 2°) B9I £101 1 a tSStfES ^^?H HH13 FRAM DXIOfl SiO)Ai, 471 B£l 

^1 EgH^^EI^h &Effl 713^1 2 sou M\ S&SSSf; 

s^^ ^ §aioie a=g BHdss 5^ r oi oi^ch^i- am i§£g m= 
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FRAM 5X1 . 

4. m&m sichai, 571 Eais uiMEmar 3§ei= 211 ns^s *^ fram 5x1. 

5. SiCHAi, 571 SaOlM Er^S 571 SEIOIM 2^? 5011 2^ EH E Oil 
2SHS 211 HS^S ol£ FRAM 5X1. 

6. XHS&j-OI 2101AI, 571 5¥ 1MOIM 2^ 3 ol^ 1E10IS 2=s E2S 5£h 

e» a= ^shess A^5f.=^e|o, q#ss ^sei^ 21 §g£sse framsxi. 

7. H6U0I SICHAI. 571 S^2f8 ^S(Pt)S ^SSfO). 571 ESS 53^£ ReO,( rhenium 
oxide), RuQ,( ruthenium oxide) E£ MoQ,( molybdenum oxide)S 74EI = 211 §922 5r= FRAM 5 
XI. 

8. HI 3&HNI SiCHAI, 571 t\¥ 1MOIM H32| ol^OU HHEIOiSf MB 01 Q *!2EI01 S!£ 2! 
1 iS£S 5f= FRAM 5X1. 

9. &HJ2J M3J|*E12I- oHJSJ 71EBAIE1S B?1 All- 571 B« £!21 ^401 ggol 

5 eiae H1221 bsi aoi ts si as^ss ^^?h hhss fram sxioi skhai, 571 b*i 

&Efll 7IB2J 5011 S2EIII Til 01 ^ g=, 33 a EMS S^^S ^?2S MSHXIi 

El; 

571 egjq^EPI- SJEJi 7IB2J 23 CHI ««S J91 

571 sr* laioiM 2^ 501 leaoiM a^sj ^sd zwi «ss stasis* ns; 

571 irsaast ehs 5ob ties ssam tihbaieisj 5^ laioim 2^; 

471 5¥ 1HI0IM 5S3JB2* IBS S! Sr¥ 1£B0IM a^l B= BS#J S 

571 5* SaiOlM a^21 S«g SlSf= HH212S 0|?0|X|= 211 IS£S Sr= FRAM § 

10. HI9SKHI SJ01AI, 471 5¥ SaiOlM g= a S|¥ laiOlM a^S '3*Sh ESS 5£r 
S| ££^ S^2|-E24 a**SJ-3*e|2| Qi£S :?g£IS 21 S 1S£S 5r= FRAM5XJ. 

S^tT II. HI106MHI SiOiAl, 571 g^efS B -!JS(Pt)S ^«SHB. 571 E24 ^a^S 
Rea( rhenium oxide), RufMruthenium oxide) E= MoQ,( molybdenum oxide)S 211 fS°S oh 

£ FRAM 5X1 . 

12. JI9U0I SiCHAl, 571 ol^ 1EB0IM 2^2< SWM UHE|0|ef EH@0| Q «SE|0) 
2i Sr= FRAM 5X1. 

13. eiEai 715 501 71IDIM 3^, ±2± S EHI°! 2^22 SgHXI^EIM **2o[ 

= btii; 

571 SSiXI±E17h SJESI 7IB2I 230)1 SM #^ SSSfS ^55r= E+711 ; 

471 Sfll SBIS^ akhI 2!2^ B*l 32f SSsf^ 7)IBAIE1°J S910IM 3^1 «4 

B7I; 

571 5r^ 13I0IM 3^ 5011 471 5^ 10IOIM 2^21 ^&.Q 5S2S0^ mg g 4^ 13101 
M 2^8 S55r^ B?fl; 

471 5^ laiOlM 3^, 552*112* IBS oj 5^ §aiOIM 2^1 S= SS#1 «4Sr^ B7II; 

571 assoi »sa ian 22011 xn &zm^s «4§i= bai; 

» r^Fii%¥4rmvnu i 3»ia: ,,<i - i£i smoie 

571 e^^OII SSora 571 E3I3 S^2h b|EEI°HlF 571 5^ MaiOlE 2^121- 

±2.± 3l5h^ HH2#2K 571 laiOIS 2^2h SIS IBES «4Sfe B?S; 

571 HH2S S 5^ IBE7I SSS S^S 23011 571 EBEl klSfe «I2 ^ «3 

S^§3^S ^5Sr= B?»; S 

571 2^ IHE£h Sia^ eaiOIS EI3S 12451= BH1 ^HIolOI 01^01 A|^ 211 i9££ Sr= 
FRAM 5X|£| Sli5S . 



5^>& 15. ai4«H» 210IAI. 571 S^e*S ^S(Pt)S ^«SKM. 571 E25 5tl^S 
ReQk(rhenium oxide), RuO(ruthenium oxide) E= MoCt (molybdenum oxide)£ie ^4©r= 2!1 
o1= FRAM 5XI2J flli&a . 
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1EII0IM 2^21 



g^?tr 17. tfEJtl £011 JIOIS 2^, 9! EMS! g«o £ zpgg ggn^EIV Sgm 

£71 MSIJXI^EW SSL' 2 SOil 7311 sZ* 12^g *!S5H= B?H; 

£7j j^»gas* aw ga%|w «■» ssto ieiioim Eh°j ewa §^ ^ekaieisj 
£7i «w imoim ^0)1 laioiM s^sj =md srs Bsaasr HHe sj £*- taioi 

£7i £¥ laioie Bsaaar si e a s>* iaoiM a^g isnss §gm= em; 

£71 SISOI 121g 23011 7312 sZ^^g ggolS BJfl; 

i 7 ii4m!r»iif%min.^ s A - ,2! * 0 ' Ea ° j 3 *- i£ - 23 * sao1 

t!^** 18. HIT&TOi 2*01*1, £71 £^ flEIOlM 2^ S! Sl^ MB1I0IM E2S £ 

t[Sf f£^ S^2|-E2S £aSf-=^Si£| D|£g *!gE|£ 2# I9£g SIS FRAM£X|2J ;sf|2» 

iftUi JB, IglBfcfflHSa ssssw m Sill 

of= FRAM Hl^^gj. 

20. H 17*HHI SiCHAI, £71 Sf^ P&IOIM 2=5© «g5^| 20fl £71 13I0IM 2^°l 
51^011 BHEJCHSf SHgg a «S5l^ 21 S f S og §^ FRAM £x|°J Xfl5»S . 




W/L 



P/L 



£812 
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